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Abstract 
In allusion to water pollution of the Xiquan Lake wetland in Liaohe river basin, the three nitrogen adsorption rules 
were studied through the adsorption experiments of soil-plants over 3-nitrogen in Xiquan lake. The goal to protect the 
safety of the Xiquan lake reserve groundwater sources was attained. The native soil and the aboriginal plants named 
Typha orientalis Presls were used through the study and the contamination adsorption rules of the soil-plants system 
were analyzed and summed up through testing the removal rate of ammonia nitrogen,nitrate nitrogenˈnitrite 
nitrogen by the soil-plants. The average adsorption and degradation coefficient of the growing period and 
non-growing period were calculated by the first order reaction ratio equation. The research obtained that it was an 
adsorption capacity that the soil-plants absorbed contaminations, the adsorption reaction finished when reaching 
saturation-- a dynamic equilibrium established between the adsorption and desorption. To some extent, soil and plants 
play a N buffering container role. The adsorption and degradation coefficient of the growing and non-growing 
periods are 5.64l/d and 4.05l/d respectively. The adsorption features of soil and plants to nitrogen were deeply 
researched and revealed, so as to the wetlands ecosystem was understood properly and play the ecological function 
role fully.  
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1. Introduction 
Xiquan lake wetland is near by the Liao River located in the Shenbei New District Shenyang City, it was 
formed by oxbow lakes in the ancient Liao River and it is also the convergent point of three tributaries of 
Liao River: Xinxi rivulet, Wanquan river and Yangchang river. Adjacent to Shifosi plain reservoir, this 
wetland region is the important reserve groundwater sources in the future, please see the fig.1. Because of 
serious pollution of the three rivers, it is the Xiquan lake wetland suffer from water pollution that a threat 
to the reserve groundwater sources, it is extremely urgent to improve the water environment of Xiquan 
Lake. To realize the wetlands ecosystem properly and bring the purification function of wetland into full 
play, the adsorption mechanism of wetland soil on contaminants and the effects of wetland physics and 
chemical characteristic properties over adsorption must be studied deeply. 
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Fig.1 the location of Xiquan lake wetland 
Wetland soil as the medium of the chemical substances conversion is one of the important 
environmental factors which composes the wetlands ecosystem, under the special hydrogeological and 
plants conditions, wetland soil have its own features on development and formation process, meanwhile, 
the physics and chemical characteristic properties of the wetland soil are different from the usual land soil 
making it play a special role in water purification and contamination adsorption[1]. Some investigation has 
indicated that wetland could remove the heavy metal[2]ǃnutrients[3]ǃ pesticides [4]efficiently by means of 
physical adsorptionǃchemical adsorption and so onˈthe waste water could be purified by the adsorption 
of the wetland soil[5]. Because of the wetland distributions of different area and complicated natural 
conditions, different types of wetland soil were formed in the following factors combined action: 
biodiversityǃclimateǃlandformǃmatrix and plants[6.7] ,so many of the important ecological functions also 
appeared differently.In recent years, the studies about wetland much focus on biological factors of 
wetlands ecosystem, but the research on wetland soil is rarely reported. The experiments were conducted 
in growing period and non-growing period of Typha orientalis Presls, ammonia nitrogen and three 
nitrogen removal effects by the Xiquan lake wetland soil and the aboriginal plants were reported, and the 
change rules of the contaminations passed through the wetland treatment system were analyzed as well, 
the adsorption and degradation coefficient were calculated, The results of the study will provide the 
theoretical support and reference to realize the wetlands ecosystem correctly and play the ecological 
function role fully, also to protect the safety of the Xiquan lake reserve groundwater sources. 
2. Materials and Methods 
Experimental Set-up. The wetland treatment unit is a 36cm×24cm×20cm plastic box without the top 
cover. The distance between the bottom and the outlet is 2cm; the inlet is about 140m above the top cover, 
the gravel whose grain diameter is 10~20mm was used as a layer in the bottom, the box was filled with 
soil matrix with 15cm thickness, wraped the beginning of inlet tube with gauze.  
Experimental Materials. Synthetic water used through the studies was composed of nitrogen. The 
concentrations in the feed water were 3-nitrogen =50mg/L, nitrate nitrogen=0mg/L, nitrite 
nitrogen=0mg/L. Soil matrix was obtained from the region of Xiquan lake Shenbei New District 
Shenyang , after a few days natural sedimentation in our laboratory, recovered to its initial distribution 
and transferred into the box.Aboriginal plants named Typha orientalis Presls which was used through the 
studies were obtained from the region of Xiquan lake. 
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Experimental Procedures. The whole adsorption test was undertook in the growing season 
(2010.07.24-2010.08.13) and in the non-growing period(2010.0107-2010.01.17), both of them were 
undertook in the same experimental device with the constant influent and effluent, so as to keep the water 
table not below 18cm. Tested the effluent concentrations of ammonia nitrogenǃ nitrate nitrogen and 
nitrite nitrogen, respectively. Summarized the 3-nitrogen adsorption and degradation rules in solid-plants 
unit and calculated the adsorption and degradation coefficient in the different periods. 
Analytical methods. Ammonia nitrogen˖Nessler's Reagent spectrophotometry; 
Nitrite nitrogen˖Ultraviolet spectrophotometry;  
Nitrate nitrogen˖N-(1-Naphthyl) Ethylenediamine spectrophotometry 
3. Results and discussion 
The adsorption effects analysis in the non-growing period. The adsorption experiment in the 
non-growth season was carried out in 1/7, 2010 and ended in 1/17, 2010, the hydraulic retention time is 
ten days. The effluent concentrations of ammonia nitrogenǃnitrate nitrogenǃnitrite nitrogen were tested in 
the following different times: 1ǃ2ǃ3ǃ6ǃ12ǃ24 hours and once a day after 24hours. Variations of three 
nitrogen concentration and removal efficiency with the reaction time were depicted in fig.2 and fig.3. 
 
Fig. 2 Variations of 3-nitrogen removal efficiency with the reaction time in non-growing period 
 
Fig. 3 variations of 3-nitrogen concentration with reaction time in the non-growing period 
2728   Pan Jun et al. /  Procedia Environmental Sciences  10 ( 2011 )  2725 – 2730 
 
Figure 2 shows that 3-nitrogen removal efficiency increases gradually from 82.2% to 87.7%with the 
reaction time. The maximum removal rate is 87.7% after 3 hours reaction. At the initial time, the 
ammonia nitrogen removal is the dominated function, the ammonia nitrogen removal rate keep in high 
level determined by the ammonia nitrogen removal mechanism in the wetland. The mainly four functions 
are Microbial normal assimilation, adsorption by the plants after nitration reaction, NH3-N volatilization 
and the physical and chemical actions in solid matrix [8]. Because of solid matrix is in the unsaturated 
conditions at the wetland initial experimental time, it absorbes much nitrogen at a certain degree. 
Additionally, the aboriginal plants with good natural condition were used through the study, the demand 
of nitrogen is higher than that accelerated the adsorption of nitrogen. Following the above two reasons, 
the three nitrogen removal rate appeared high level at the initial experimental time. 
Figure 3 shows that the whole adsorption was completed in a very short time, and the three nitrogen 
concentration reached the minimal value. Then, three nitrogen concentrations increased gradually with 
the reaction time until the concentration kept a constant value, the adsorption and degradation reached a 
dynamic balance. The reasons for this are mainly because of the plants absorbing much nitrogen as the 
growing nutrient substance form the medium after being transplanted in the beginning time[8] which 
caused the 3-nitrogen concentration to decrease fast. After the saturation adsorption, the three nitrogen in 
the solid matrix released to the water again. This illustrated that adsorption reaction was reversible, at 
least in the part of the soil matrix. 
Some study reported that the reaction of phosphorus was absorbed by solid matrix taking place in the 
topsoil, the performance decreased along with increasing depth and the adsorption playing a limited role 
in the removal of phosphorus. After the saturation adsorption, the phosphorus in the solid matrix released 
to the water again, and the same meaning is that at a certain degree, the soil was a phosphorus buffering 
container used to adjust the phosphorus concentration in the water[9]. So, after the adsorption reaction 
finished, some nitrogen released into the water again, meanwhile, the soil was to some extent a nitrogen 
buffering container.  
The adsorption effect analysis in the growing period. The adsorption experiment during the growing 
period was carried out in 7/24, 2010 and ended in 8/13, 2010, the hydraulic retention time is twenty days. 
The effluent concentrations of ammonia nitrogenǃnitrate nitrogenǃnitrite nitrogen were tested in the 
following different times: 1ǃ2ǃ3ǃ6ǃ12ǃ24 hours and once a day after 24hours. Variations of three 
nitrogen concentration and removal efficiency with the reaction time were depicted in fig.4 and fig.5. 
 
Fig.4 Variations of 3-nitrogen removal efficiency with the reaction time in the growing time 
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Fig. 5 Variations of 3-nitrogen concentration with reaction time in the non-growing time 
 
Fig.4 shows that 3-nitrogen removal efficiency was stable from 84% to 87%,and three hours later, the 
removal efficiency reached the maximum. Compared with the growing period, 3-nitrogen removal rate 
was more stable and higher. 
We can see from the figure 5 that variations of 3-nitrogen concentration in the growing time is similar 
with the non-growing time, and three nitrogen concentration decreases fast in the initial time, then, the 
adsorption function weaken, hence, the soil was used as a “N-buffering container”. When adsorption 
finished, 3-nitrogen concentration reached the initial value and kept constant, it showed that the 
adsorption reaction of soil reached the dynamic balance. 
The comparison between figure 3 and figure 5 shows that adsorption in the growing time continues 
for a long time. This kind of circumstance is mainly due to the reasons when plants were growing, its root 
development, and the root development so as to enhance soil matrix of ammonia nitrogen intercept with 
three nitrogen adsorption ability. The growing plants demanding for nitrogen greatly contributed to the 
plants absorbs contaminants. Because of the weather warming, microbial propagation and metabolic 
activity enhanced, biomass of nutrients, the adsorption ability was  stronger. 
The calculation of adsorption and degradation coefficient. The research on establishment of the 
mathematical model of three nitrogen removal in the artificial wetland is very active at home and abroad. 
Breen[10,11] has reported that the whole wetlands system can be described with stable state and reaction 
kinetics equation. The first order kinetics equation was widely used in the design of the wetland and the 
forecasting of the three nitrogen removal effects in AustraliaǃEuropeǃAmerica, although there are many 
limitations, the calculation and solution process of the parameters are brief, so, it is treated as the most 
suitable equation to represent the wetland three nitrogen removal[12] in recent years.  
The first order equation of wetland mainly takes the relationships between treatment rates into account, 
the model derivation base on the first order kinetics equation which three nitrogen absorption obeys. The 
expression of the first order reaction dynamic model usually as following[13]:  
 tkCC Ve x exp0                                                        (1) 
there˖Ce——wetland effluent three nitrogen concentration˗ 
C0——wetland influent three nitrogen concentration˗ 
kV——the removal efficiency constant based on unit volume˗ 
kA——the removal efficiency constant based on unit area˗ 
t——the hydraulic retention time˗ 
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The calculation of the adsorption and degradation coefficient used the upper formula 1. The 
coefficients of growing time and non-growing time were 5.64˄1/d˅੠4.05˄1/d˅,respectively. 
4. Conclusions 
(1)Analyzing the soil-plants adsorption experiments during the growing period and non-growing period, 
the adsorption rule of soil-plants over three nitrogen was obtained. At the beginning, three nitrogen 
removal efficiency reached the maximum value in a very short time, with the growth of the hydraulic 
retention time, the three nitrogen concentration increased gradually and the concentration continued to 
increase for a time until three nitrogen concentration kept a constant value. Adsorption and desorption 
reached an dynamic balance. This illustrated that there was a certain capacity of soli absorb nitrogen. 
(2)After adsorption reached saturation, the nitrogen released to water from soil. It caused the nitrogen 
concentration to increase. So, soil is to some extent a nitrogen buffering container in the wetland 
treatment unit. 
(3)Adsorption and degradation coefficient of soil and plants absorbed three nitrogen during the 
growing period and the non-growing period were calculated by the first order reaction kinetics 
equation.We can see that the value of growing period is bigger than the non-growing period by the 
comparison of two values.This illustrated that three nitrogen adsorption was the result of the coactions of 
soil and plants factors. 
Thus it can be seen that Xiquan lake wetland soil and the native named Typha orientalis Presls have 
some effects on the ammonia nitrogen removal and three nitrogen removal, but the effects on the nitrogen 
removal was limited.It is not reliable to solve pollution by the wetland soil-plants,and this requires to 
better control and prevent water pollution of the three rivers.It aims at maintenance of the Xiquan lake 
wetland ecosystem and protection of the Xiquan lake reserve groundwater sources.  
Reference 
[1] Tian Y B, Song G Y: Chinese Journal of Ecology,Vol.6 (2002),p.36-39  
[2] Li Y,Wang X L, Chen X, et al: Journal of Jilin University (Earth Science Edition),35 Vol.2(2005),p.231-235 
[3] Hellerich L A, Nikolaidisa N P: Water Research, 39 Vol.13 (2005) p.2851-2868 
[4] Gong X F, Zhang J, Zhang Z H, et al: Journal ofAgr o2 Envir onment Science, 25 Vol.1(2006), p.179-181 
[5] Detenbeck N E, Hermanutz R, Allen K, et al: Environ Toxico1 Chem, 15Vol.6(1996) p.937-946 
[6] Gong Z T: Chinese soil Taxo-nomic classification, Science Press,Beijing(1999), in press 
[7] Ponnamperuma ,F. N: Flooded soil chemistry (Trans Tech Publication,China,1977),Vol.3 p.1-60. 
[8] Luo W G: Subsurface flow constructed wetlands remove 3-nitrogen, Environment Engineering Department in 
Southeast University, Nanjing , (2005) 
[9] Xiong G X, Luo J Z, Feng A k: Journal of Environmental Science and ManagementˈVol.9˄2006˅p.116-118 
[10] Wang S H: Theory and technology of artificial wetland sewage treatment, Science Press, Beijing(2007), in press 
[11] Breen P F: A mass balance method for assessing the potential of artificial wetlands for wastewater treatment.Wat ,Res., 
1990,24(6):689-697 
[12] IWA.Constructed wetlands for pollution control: process, performance, design and operation. Scientific and Technical 
Report No.8. London: IWP Publishing, (2000) 
[13] Kadlec R H, Knight R L. Treatment Wetlands. Boca Raton: CRC Press,(1996) 
